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Previewsdata, and also look forward to what
broadly causes antibiotic resistance and
where it might exist across nature (Pehrs-
son et al., 2013). Our environment is
hugely diverse and probably contains
many more unknown resistance genes
than are known; this work provides a
useful platform for discovering new resis-
tance genes, resistance mechanisms,
and maybe antibiotics in the future.
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Pictet-Spenglerases catalyze key condensation/cyclization reactions between aromatic ethylamines and
aldehydes in the biosynthesis of alkaloids. In this issue of Chemistry & Biology, Mori et al. (2015) report
the structural elucidation of a novel type of Pictet-Spenglerase involved in the biosynthesis of the b-carboline
alkaloids.The Pictet-Spengler reaction has pro-
vided chemists with an invaluable tool for
the synthesis of alkaloids and their
derivatives for over 100 years (Sto¨ckigt
et al., 2011). It involves an initial acid-
catalyzed condensation of a phenethyl-
amine or tryptamine derivative with an
aldehyde to generate an iminium ion.
A subsequent electrophilic aromatic
cyclization thenproduces a tetrahydroiso-
quinoline or tetrahydro-b-carboline ring
system, respectively (Figure 1). The reac-
tion also generates a stereogenic center
in cases where the aldehyde component
is not formaldehyde, and a great deal of
effort has gone into developing asym-
metric versions.
Given its importance in the chemical
synthesis of alkaloids, it is perhaps not
surprising to find that nature has also har-
nessed the power of the Pictet-Spengler
reaction in the biosynthetic routes to
these compounds. Well-characterized
examples of Pictet-Spenglerases include
strictosidine synthase that utilizes trypt-amine and the aldehyde secologanin
to generate 3a(S)-strictosidine (Maresh
et al., 2008; Ma et al., 2006) and norco-
claurine synthase that utilizes dopamine
and 4-hydroxyphenylacetaldehyde to
generate (S)-norcoclaurine (Figure 1) (Ilari
et al., 2009; Luk et al., 2007). Strictosidine
synthase is involved in the biosynthesis of
the monoterpenoid indole alkaloid family
that includes such important compounds
as vinblastine, strychnine, and quinine.
Norcoclaurine synthase is involved in the
biosynthesis of the benzylisoquinoline al-
kaloids that include codeine, morphine,
and berberine. The C domain of the non-
ribosomal peptide synthetase SfmC has
also been reported to catalyze iterative
Pictet-Spengler reactions in the biosyn-
thesis of saframycin A, although struc-
tural information on this enzyme is absent
(Koketsu et al., 2010). In this issue, Mori
et al. (2015) report the structural elucida-
tion of a new type of Pictet-Spenglerase,
McbB, which is involved in the biosyn-
thesis of b-carboline alkaloids (Moriet al., 2015). While the amine-containing
substrate in this reaction is provided by
L-tryptophan, the structure of McbB is
unrelated to that of either strictosidine
synthase or norcoclaurine synthase, and
thus it represents a novel evolutionary
answer to the answer of Pictet-Spengler-
ase catalysis.
The discovery of McbB began with
studies by Chen et al. (2013) on the
biosynthesis of the marinacarbolines
A-D by Marinactinospora thermotolerans.
Heterologous expression demonstrated
that three genes, mcbABC, were suffi-
cient to produce the marinacarbolines.
Of these genes, mcbB was responsible
for the construction of the b-carboline
core (Figure 1). Feeding experiments
with fluoro-tryptophan demonstrated
that the indole ring derives from L-trypto-
phan, and those with labeled acetate
were consistent with oxaloacetaldehyde
providing the remaining carbons. With
this information, the authors proposed a
mechanism that involves condensation
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Figure 1. Pictet-Spengler Reactions Catalyzed by Strictosidine
Synthase, Norcoclaurine Synthase, and McbB
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Previewsof L-tryptophan and oxaloa-
cetaldehyde to form an
iminium ion, followed by
decarboxylation and a Pic-
tet-Spengler cyclization.
Subsequent oxidations (and
in some cases decarboxyl-
ation) of the resulting product
was thought to proceed
non-enzymatically and pro-
duce the McbB-derived
b-carbolines.
The current in vitro studies
byMori et al. (2015) confirmed
that purified McbB converts
L-tryptophan and oxaloace-
taldehyde into the b-carbo-
lines 1 (major product) and 2
(minor product). They also
demonstrated that a variety
of other simpler aldehydes,
such as acetaldehyde and
isobutyraldehyde, served as
alternate substrates, but
the non-enzymatic oxidation/
decarboxylation steps that
aromatize the newly formed
ring did not take place. This
shows that the a-keto func-
tionality is required for spon-
taneous b-carboline forma-
tion and explains why suchprocesses are not problematic in the reac-
tion of strictosidine synthase.
The authors went on to solve the crystal
structure of McbB in complex with L-tryp-
tophan. They found that McbB is a dimer
with the active site located in between
the two monomers, and that each mono-
mer adopts a novel fold comprised of
two domains. The N-terminal domain is a
right handed, eight stranded, antiparallel
b-barrel covered by two short and one
long a helices. The C-terminal domain is
comprised of a bundle of five a helices.
Most notably, this architecture is com-
pletely different from that of strictosidine
synthase, which adopts a monomeric six
bladed b-propeller fold, (Ma et al., 2006),
or that of norcoclaurine synthase, which
adopts a dimeric Bet v1-like fold consist-
ing of seven stranded antiparallel b sheets
wrapped around a long C-terminal a-helix
and two smaller a helices. (Ilari et al., 2009)Despite the markedly different folds
between the two enzymes, certain similar-
ities exist between the binding of L-trypto-
phan by McbB and that of tryptamine by
strictosidine synthase. In each case, a
glutamate residue is H-bonded to the
amine of the substrate. Mutation of this
residue completely abolishes activity, sug-
gesting that it is the key acid/base catalyst
required for iminium formation and
possibly also rearomatization of the indole
ring. Also, the indole ring in the McbB
active site is flanked on either face by a
phenylalanine anda leucine residue,which
bears some resemblance to the ‘‘indole
sandwich’’ of strictosidine synthase that
complexes the indole viap-p interactions.
While the aldehyde-binding site was un-
occupied in theMcbBstructure,molecular
modeling suggested a bindingmode. Two
bulky residues, a histidine and an arginine,
were located at the entrance of the activeChemistry & Biology 22, July 23, 2015 ª2015 Elsesite proximal to the expected
position of the aldehydic side
chain (in the case of oxaloace-
taldehyde, a carboxylate func-
tionality). By mutating these
residues, either separately or
together, to alanine, the
authors were able to engineer
a new Pictet-Spengerlase
that gained the ability to
accept the bulky substrate
phenylglyoxal.
Overall, this study presents
an answer to the question of
how bacteria have managed
to evolve a Pictet-Spengler-
ase and demonstrates that
their solution differs markedly
from those of plants. It is now
clear that enzymes cata-
lyzing the Pictet-Spengler re-
action come in many forms in
nature, stressing the impor-
tance of this key biosynthetic
transformation.REFERENCES
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